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(57) ABSTRACT

A housing with improved airtlow 1s provided. The housing
includes a cage dimensioned to hold two modules side-by-
side 1n a lower compartment and a further two modules
side-by-side 1n an upper compartment. The cage has a
middle compartment between the lower compartment and
the upper compartment, with a heatsink 1n the middle
compartment in thermal contact with the two modules when
the two modules are 1n the lower compartment. The middle
compartment 1s ventilated through a first one or more
apertures 1n each of two or more exterior walls of the cage,
the middle compartment i1s further ventilated, when the
upper compartment 1s unoccupied, through a second one or
more apertures 1 an interior wall of the cage separating the
middle compartment and the upper compartment, wherein
the further two modules when occupying the upper com-
partment obstruct the second one or more apertures.

20 Claims, 7 Drawing Sheets
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702

Insert module in second compartment of module cage, with first
compartment of module cage unoccupied

704

Ventilate middle compartment and heatsink through apertures
In exterior walls of module cage

706

Ventilate middle compartment and heatsink through unoccupied
first compartment, through aperture(s) in wall separating first
compartment and middle compartment

FIG. 7
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STACKED OPTICAL MODULE CAGE WITH
IMPROVED AIRFLOW TO BOTTOM PORTS

BACKGROUND

5
Module cages, for various modules, are many and varied.
To 1mprove port density in network communication equip-
ment, optical modules are often stacked two or more rows
high. This limits the height of the heatsink for the bottom
row of modules, and with that physical limitation comes a
similar limitation 1n how much heat can be dissipated by the
heatsink. A need exists to increase the power level of the
module. One problem that occurs 1s how to improve heatsink
performance 1n the same volume of space as existing designs

for module cages.

10

15
SUMMARY

In some embodiments, a housing with improved airflow 1s
provided. The housing includes a cage dimensioned to hold
two modules side-by-side 1n a lower compartment and a 20
turther two modules side-by-side 1n an upper compartment.
The cage has a middle compartment between the lower
compartment and the upper compartment, with a heatsink 1n
the middle compartment in thermal contact with the two
modules when the two modules are in the lower compart- 25
ment. The middle compartment 1s ventilated through a first
one or more apertures 1 each of two or more exterior walls
of the cage, the middle compartment 1s further ventilated,
when the upper compartment 1s unoccupied, through a
second one or more apertures 1n an interior wall of the cage 30
separating the middle compartment and the upper compart-
ment, wherein the further two modules when occupying the
upper compartment obstruct the second one or more aper-
tures.

Other aspects and advantages of the embodiments will 35
become apparent from the following detailed description
taken in conjunction with the accompanying drawings which
illustrate, by way of example, the principles of the described

embodiments.
4(0)

BRIEF DESCRIPTION OF THE DRAWINGS

The described embodiments and the advantages thereof
may best be understood by reference to the following
description taken in conjunction with the accompanying 45
drawings. These drawings 1n no way limit any changes 1n
form and detail that may be made to the described embodi-
ments by one skilled in the art without departing from the
spirit and scope of the described embodiments.

FI1G. 1 1llustrates a 2x2 stacked cage with two quad small 50
form pluggable (QSFP) modules in the bottom compartment
of the cage.

FIG. 2 depicts a QSFP module contacting the heatsink
that 1s 1nside a middle compartment of the cage (with the
cage hidden for clarity). 55

FIG. 3 1llustrates a 2x2 stacked cage with added vents in
accordance with an embodiment, providing increased air-
flow to the heatsink in the middle compartment of the cage,
for cooling the QSFP modules 1n the bottom compartment of
the cage. 60

FIG. 4 depicts the 2x2 stacked cage of FIG. 3, with four
QSFP modules, two 1n the upper compartment and two 1n the
lower compartment of the cage.

FIG. 5 illustrates two diflerent plugs, each iserted 1nto
the upper compartment of the cage with added vents of FIG. 65
3, 1n accordance with embodiments of the present descrip-
tion.

2

FIG. 6 depicts a perspective, cutaway view of a portion of
the cage with added vents of FIG. 3, with one of the plugs
of FIG. 5 mnserted into the upper compartment of the cage.

FIG. 7 1s a flow diagram of a method of ventilating a
module cage, which can be practiced by embodiments
described herein, and variations thereof.

DETAILED DESCRIPTION

An mmproved module cage, with improved airtflow to a
heatsink 1n the module cage when the module cage 1s
partially populated, 1.e., not fully populated with modules, 1s
described herein i1n various embodiments, with variations
readily developed. Added vents, which are not present 1n a
preceding design of a cage for quad small form pluggable
(QSFP) modules, support additional ventilation to a middle
compartment with a heatsink for cooling QSFP modules 1n
a bottom compartment, when the upper compartment of the
cage 1s unoccupied. When QSFP modules are 1n the upper
compartment, the added vents and additional cooling are
obstructed, and all four of the QSFP modules in the cage
receive ventilation and associated cooling comparable to
that of a standard QSFP module cage. Various embodiments
shown herein are modifiable for various types of modules.
Various embodiments shown herein are modifiable for a
module cage supporting a single stack, one module below
and one above as a 2x1 arrangement, and other stacks of
modules such as 2x3, 2x4, etc., with an upper compartment
and upper row of one or more modules, a lower compart-
ment and row of one or more modules, and a middle
compartment with a heatsink. It should be appreciated that
the embodiments, while described with reference to QSFP
cages, are not limited to QSFP cages as other cages requiring
cllicient heat removal may integrate the embodiments
described herein.

Various embodiments described herein address, but are
not limited to, a specific case where high powered optical
modules, or 1n some embodiments electrical modules, would
be 1nstalled 1n the bottom row of some stacked cages, but no
modules would be installed in the top row. Those empty
spaces 1n the top row may be utilized to increase airtlow over
the heatsink for the bottom row modules. This 1s accom-
plished by adding vent holes to the bottom surface of the top
row ports. These vent holes are covered when an optical
module 1s 1nstalled 1 the top ports. Some embodiments
target a system where, 1 the field, the system may be
configured as either maximum port count (with all ports of
the cage occupied by modules and thermal performance
similar to current systems), or decreased port count at
maximum power levels (with the lower ports occupied by
modules and improved thermal performance for cooling
those modules, and the upper ports unoccupied).

Normally a port in a stacked cage 1s designed to work
independently of the other ports, meaning, the user may
install any optical module in any port with predictable
results. Present embodiments break with that philosophy,
requiring users to populate the ports 1n a specific pattern to
optimize thermal performance. By doing so, embodiments
are able to increase the airflow over the bottom module
heatsinks by increasing the surface area devoted to vents.

Various embodiments of a module cage increase the area
of the inlet vents at the front, by adding new vent holes to
the previous-design surface above the heatsinks that are in
contact with the lower QSFP modules. These vents are
functional in the case where no modules have been 1nstalled
into the top ports. It should be appreciated that this docu-
ment refers to intake, exhaust, enters, exits, exit, etc.,
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regarding airflow and air, suggesting a specific direction of
airtlow. It 1s entirely possible to reverse the airflow 1n a
system, 1n various embodiments, such that vents described
herein as the intake then become the exhaust and/or vice
versa. This reverse airflow 1s an alternative embodiment that
may be integrated with the embodiments discussed below.

FIG. 1 illustrates a 2x2 stacked cage 102 with two QSFP
modules 104 1n the bottom compartment of cage 102. The
upper compartment of cage 102 1s unoccupied by modules
in this illustration. Air enters the middle compartment of
cage 102 through apertures 110 (i.e., holes, openings) 1n a
tace of cage 102, and flows over one or more heatsinks in the
middle compartment. The heatsinks are in contact with two
QSFP modules 104 1n the bottom compartment (see FI1G. 2).
Air exits through apertures 112 1n further faces of cage 102,
for example sides and rear of cage 102. Airflow may be
driven by fans (not shown, but readily envisioned), and the
airtlow may flow in other directions i1n various embodi-
ments. One or more further heatsinks 108 on the top of cage
102 contact QSFP modules 104, when 1nserted 1n the upper
compartment of cage 102 (see for example FIG. 4).

FI1G. 2 depicts QSFP module 104 contacting heatsink 202
that 1s mside a middle compartment of cage 102 (with the
cage hidden for clarity). Thus, QSFP module 104 1n the
bottom or lower compartment of cage 102 1s cooled by
airflow that passes through the middle compartment and
over or through heatsink 202, for example between fins or
through notches of heatsink 202. Further embodiments are
not limited to this specific design of heatsink, and further
heatsinks and arrangements of heatsinks are readily devised.
A heatsink may be specific to a module, or a portion of a
module, or shared by multiple modules 1n various embodi-
ments.

FI1G. 3 1llustrates a 2x2 stacked cage 302 with added vents
304 1n accordance with an embodiment, providing increased
airtlow to heatsink 202 (see FIG. 2) in the middle compart-
ment of cage 302, for cooling QSFP modules 104 1n the
bottom compartment of the cage 302. Apertures 110, 112 in
the faces of cage 302 continue to provide airflow to the
heatsink 202 1n the middle compartment of cage 302. The
added airflow 1s available when the upper compartment 1s
unoccupied by modules, 1.e., empty. With the added airflow
from added vents 304 in cage 302, and associated increased
cooling, higher power QSFP modules 104 can be used 1n the
bottom compartment than was the case with preceding cage
102.

Added vents 304 could take various forms in various
embodiments. As shown in FIG. 3, vents 304 could be
multiple apertures 1n a wall shared by or separating the upper
compartment and the middle compartment. Further, vents
304 could be a single, large aperture, or an open space 1n the
region between the middle compartment and the first com-
partment of the cage 302. It should be appreciated that the
apertures may have differing shapes and are not limited to
the shapes illustrated. In various embodiments, the middle
compartment has ventilation through a region connecting the
middle compartment and the upper compartment that 1s
enabled when the upper compartment 1s empty. This region
and the further ventilation are obstructed when the upper
compartment 1s occupied.

FIG. 4 depicts 2x2 stacked cage 302 of FIG. 3, with four
QSFP modules 104, two 1n the upper compartment and two
in the lower compartment of cage 302. Two modules 104
side-by-side 1n the upper compartment block or obstruct
added vents 304, preventing the added ventilation into,
through or out of the middle compartment. Fully populated
cage 302 has nominally the same thermal performance as the
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4

embodiment shown 1n FIG. 1. Ventilation through apertures
110, 112 into and out of the middle compartment of the cage
302 cooling heatsink 202 removes heat from two QSEFP
modules 104 side-by-side 1n the lower compartment of cage
302, and heatsinks 108 on the top of cage 102 remove heat
from QSFP modules 104 1n the upper compartment of the
cage 302. In some embodiments, apertures 110, 112 may be
placed towards or 1n the rear of cage 302.

FIG. 5 illustrates two different plugs 502, 504, each
inserted 1nto the upper compartment of cage 302 with added
vents 304 of FIG. 3, 1n accordance with embodiments of the
present description. Plug 502 on the left 1n FIG. 5 has an
open face at a face of module cage 302, and has apertures
506 1n a lower wall that 1s aligned with the wall (or, in some
embodiments an open region) shared by or connecting the
middle compartment and the upper compartment of cage
302. Added ventilation thus goes through the open face of
plug 502, through apertures 506 of the wall of plug 502, and
through added vents 304 of cage 302, or vice versa, in
various directions 1n various embodiments. Two of the same
plug 502 could be used in the upper compartment of cage
302 (not shown, but readily envisioned).

Plug 504 on the right 1n FIG. 5 has apertures 508 1n a face
of module cage 302. Added ventilation proceeds through
apertures 508 1n the face of plug 504 and through added
vents 304 of cage 302, or vice versa, 1n various directions in
various embodiments. Two of plugs 504 could be used 1n the
upper compartment of cage 302 (not shown for illustrative
purposes, but readily envisioned). In some embodiments
apertures 110, 112, 506, and/or 508 are dimensioned to
reduce or attenuate electromagnetic interference (EMI), 1.¢.,
the aperture size 1s small enough to achieve EMI shielding
cllectiveness for the wavelength associated with the elec-
tromagnetic wave utilized within the cage.

FIG. 6 depicts a perspective, cutaway view of a portion of
cage 302 with added vents 304 of FIG. 3, with one of plugs
502 of FIG. 5 mserted into the upper compartment of cage
302. The illustration features two airflows 602, 604 made
possible by added vents 304 and plug 502. These airflows
602, 604 are depicted 1n a specific direction, which could be
reversed 1 a further embodiment and could be based on
passive or active conduction of air. One airflow 602 pro-
ceeds through an open face 606 of plug 502, through
apertures 506 of a wall of plug 502 aligned with a wall
separating or shared by the upper compartment and the
middle compartment of cage 302, across or through the fins
of heatsink 202 1n the middle compartment, from the middle
compartment to the upper compartment through the added
vents 304, and out of the upper compartment through
apertures 610 on a face of cage 302. A closed face 608, at the
opposite end of plug 502 from open face 606, directs airtlow
602 through apertures 506 rather than allowing airtflow 602
to continue through the upper compartment without reaching
heatsink 202. Another airtlow 604 proceeds through aper-
tures 110 1n a face of cage 302, across or through fins of
heatsink 202 in the middle compartment, from the middle
compartment to the upper compartment through added vents
304, and out of the upper compartment through apertures
112 on the face of cage 302. In various further embodiments,
further arrangements of apertures in plugs or walls, or open
regions or open faces, are readily devised in keeping with
the teachings herein.

FIG. 7 1s a flow diagram of a method of ventilating a
module cage, which can be practiced by embodiments
described herein, and variations thereof. In an action 702, a
module 1s inserted 1 a second compartment of a module
cage, with the first compartment of the module cage unoc-
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cupied. See, for example, an embodiment of a cage for
QSFP modules, depicted in FIG. 3. In an action 704, the
middle compartment and a heatsink are ventilated through
apertures 1 exterior walls of the module cage. Example
apertures for such ventilation are depicted 1n embodiments
of a cage mn FIGS. 3-6. An example heatsink 1s depicted 1n
FIGS. 2 and 6. In some embodiments the ventilation ema-
nates from forced air provided by fans associated with the
device having the cage.

In an action 706, the middle compartment and the heat-
sink are ventilated through the unoccupied first compartment
of the cage, through one or more apertures mm a wall
separating the first compartment and the middle compart-
ment. Example apertures for such ventilation are depicted in
embodiments of a cage mn FIGS. 3, § and 6. It should be
appreciated that the utilization of a plug in the unoccupied
upper port locations ensures proper airtflow over the bottom
heatsink, 1n addition to aiding or enabling EMI shielding.

Detailed illustrative embodiments are disclosed herein.
However, specific functional details disclosed herein are
merely representative for purposes of describing embodi-
ments. Embodiments may, however, be embodied in many
alternate forms and should not be construed as limited to
only the embodiments set forth herein. It should be appre-
ciated that descriptions of direction and orientation are for
convenience of interpretation, and the apparatus 1s not
limited as to orientation with respect to gravity. In other
words, the apparatus could be mounted upside down, right
side up, diagonally, vertically, horizontally, etc., and the
descriptions of direction and orientation are relative to
portions of the apparatus 1tself, and not absolute.

It should be understood that although the terms first,
second, etc. may be used herein to describe various steps or
calculations, these steps or calculations should not be lim-
ited by these terms. These terms are only used to distinguish
one step or calculation from another. For example, a {first
calculation could be termed a second calculation, and,
similarly, a second step could be termed a first step, without
departing from the scope of this disclosure. As used herein,
the term “and/or” and the */” symbol includes any and all
combinations of one or more of the associated listed 1tems.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises”, “comprising”’, “includes”,
and/or “including”, when used herein, specily the presence
of stated features, integers, steps, operations, clements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
Therefore, the terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting.

It should also be noted that in some alternative imple-
mentations, the functions/acts noted may occur out of the
order noted 1n the figures. For example, two figures shown
1n succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts 1nvolved.

Although the method operations were described in a
specific order, i1t should be understood that other operations
may be performed 1n between described operations,
described operations may be adjusted so that they occur at
slightly different times or the described operations may be
distributed 1n a system which allows the occurrence of the
processing operations at various intervals associated with

the processing.
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Various umits, circuits, or other components may be
described or claimed as “configured to” or “configurable to”
perform a task or tasks. In such contexts, the phrase “con-
figured to” or “configurable to” 1s used to connote structure
by 1indicating that the umnits/circuits/components include
structure (e.g., circuitry) that performs the task or tasks
during operation. As such, the unit/circuit/component can be
said to be configured to perform the task, or configurable to
perform the task, even when the specified unit/circuit/com-
ponent 1s not currently operational (e.g., 1s not on). The
units/circuits/components used with the “configured to” or
“configurable to” language include hardware—itor example,
circuits, memory storing program instructions executable to
implement the operation, etc. Reciting that a unit/circuit/
component 1s “configured to” perform one or more tasks, or
1s “‘configurable to” perform one or more tasks, 1s expressly
intended not to invoke 35 U.S.C. 112, sixth paragraph, for
that unit/circuit/component. Additionally, “configured to™ or
“configurable to” can include generic structure (e.g., generic
circuitry) that 1s manipulated by software and/or firmware
(e.g., an FPGA or a general-purpose processor executing
soltware) to operate 1n manner that 1s capable of performing
the task(s) at 1ssue. “Configured to” may also include
adapting a manufacturing process (e.g., a semiconductor
fabrication facility) to fabricate devices (e.g., integrated
circuits) that are adapted to implement or perform one or
more tasks. “Configurable to” 1s expressly intended not to
apply to blank media, an unprogrammed processor or unpro-
grammed generic computer, or an unprogrammed program-
mable logic device, programmable gate array, or other
unprogrammed device, unless accompanied by programmed
media that confers the ability to the unprogrammed device
to be configured to perform the disclosed function(s).

The foregoing description, for the purpose of explanation,
has been described with reference to specific embodiments.
However, the 1llustrative discussions above are not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible 1n
view of the above teachings. The embodiments were chosen
and described 1n order to best explain the principles of the
embodiments and 1ts practical applications, to thereby
enable others skilled 1n the art to best utilize the embodi-
ments and various modifications as may be suited to the
particular use contemplated. Accordingly, the present
embodiments are to be considered as illustrative and not
restrictive, and the invention 1s not to be limited to the details
given herein, but may be modified within the scope and
equivalents of the appended claims.

What 1s claimed 1s:

1. A module cage, comprising:

a first compartment for accepting a first module;
a middle compartment having a heatsink and enabling
ventilation through two or more sides of the cage;

a second compartment for accepting a second module, the
second module, when accepted, 1n thermal contact with
the heatsink; and

the middle compartment having further ventilation
through a region connecting the middle compartment
and the first compartment that 1s enabled when the first
compartment 1s empty, the region and the further ven-
tilation obstructed when the first module 1s 1n the first
compartment.

2. The module cage of claim 1, wherein:

the region connecting the middle compartment and the
first compartment comprises a wall shared by the
middle compartment and the first compartment; and
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the further ventilation through the region connecting the
middle compartment in the first compartment com-
prises one or more apertures in the wall.

3. The module cage of claim 1, wherein:

the region connecting the middle compartment and the
first compartment 1s an open space between the middle
compartment and the first compartment.

4. The module cage of claim 1, wherein:

the ventilation through the two or more sides of the cage
comprises a first plurality of apertures through each of
the two or more sides of the cage, the two or more sides
of the cage including a rear side of the cage; and

the further ventilation through the region connecting the
middle compartment and the first compartment com-
prises a second plurality of apertures through a wall.

5. The module cage of claim 1, wherein:

the first compartment 1s dimensioned for a first row of
modules 1including the first module; and

the second compartment 1s dimensioned for a second row
of modules including the second module, wherein the
first and second module comprise quad small form
factor pluggable (QSFP) modules.

6. The module cage of claim 1 further comprising:

one or more plugs insertable 1nto the first compartment
cach having an open face and a further wall alignable
with the region connecting the middle compartment
and the first compartment, the further wall having one
or more apertures to support the further ventilation.

7. The module cage of claim 1 further comprising:

one or more plugs insertable to the first compartment and
cach having a face with one or more apertures to
support the further ventilation.

8. The module cage of claim 1, wherein each of the
ventilation through the two or more sides of the cage and the
turther ventilation through the region connecting the first
compartment and the second compartment comprises a
plurality of apertures dimensioned for reduced electromag-
netic interference (EMI) 1n comparison to an open face.

9. The module cage of claim 1, wherein:

the ventilation through the two or more sides of the cage
1s to support cooling of the heatsink and the second
module, when the second module has a first power level
and 1s 1n the second compartment and the first module
1s 1n the first compartment; and

the ventilation through the two or more sides of the cage
and the further ventilation through the region connect-
ing the middle compartment and the first compartment
are to support cooling of the heatsink and the second
module, when the second module has a second, greater
power level and 1s 1n the second compartment, and the
first compartment 1s empty.

10. A housing with improved airtflow, comprising:

a cage dimensioned to hold a plurality of modules side-
by-side 1n a lower compartment and a further plurality
of modules side-by-side 1n an upper compartment;

the cage having a middle compartment between the lower
compartment and the upper compartment, with a heat-
sink 1n the middle compartment 1n thermal contact with
the plurality of modules when the plurality of modules
are 1n the lower compartment;

the middle compartment ventilated through a first one or
more apertures 1n each of two or more exterior walls of
the cage; and

the middle compartment to be further ventilated, when the
upper compartment 1s unoccupied, through a second
one or more apertures 1n an interior wall of the cage
separating the middle compartment and the upper com-
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partment, wherein the further two modules when occu-
pying the upper compartment obstruct the second one
Or more apertures.

11. The housing with improved airflow of claam 10,
further comprising;:

a plug dimensioned for insertion to the upper compart-
ment with the plug being open at a face of the housing
and having a third one or more apertures parallel and
adjacent to the second one or more apertures.

12. The housing with improved airflow of claim 10,

turther comprising;:

a plug dimensioned for insertion to the upper compart-
ment with the plug having a fourth one or more
apertures 1n a face of the plug at a face of the housing.

13. The housing with improved airflow of claim 10,
wherein each of the first and second one or more apertures
1s dimensioned to reduce electromagnetic interierence
(EMI).

14. The housing with improved airflow of claim 10,
wherein the housing 1s dimensioned for a two by two
arrangement ol quad small form factor pluggable (QSFP)
modules.

15. The housing with improved airflow of claim 10,
wherein:

the housing has a first airtlow, via the first one or more
apertures, with suflicient cooling for the plurality of
modules 1n the lower compartment having a first power
level, and with the further plurality of modules occu-
pying the upper compartment; and

the housing has a second airflow, via the first and second
one or more apertures, with sutlicient cooling for the
plurality of modules 1n the lower compartment having
a second, greater power level, and the upper compart-
ment unoccupied.

16. A method of ventilating a module cage, comprising:

inserting a module 1in a second compartment of a module
cage, so that the module makes thermal contact with a
heatsink 1n a middle compartment of the module cage,
and a first compartment of the module cage that is
dimensioned for at least one module 1s unoccupied;

ventilating the middle compartment and the heatsink
therein through a first one or more apertures 1n two or
more exterior walls of the module cage; and

turther ventilating the middle compartment and the heat-
sink therein through the first compartment and through
a second one or more apertures 1n a wall separating the
first compartment and the middle compartment.

17. The method of claim 16, further comprising:

inserting a further module 1n the first compartment of the
module cage, so as to block the second one or more
apertures and obstruct the further ventilating.

18. The method of claim 16, further comprising:

inserting a plug to the first compartment of the module
cage, to direct the further ventilating through an open
face of the plug and through a third one or more
apertures 1 a wall of the plug aligned with the wall
separating the first compartment and the middle com-
partment.

19. The method of claim 16, further comprising:

inserting a plug to the first compartment of the module
cage, to direct the further ventilating through a third
one or more apertures in a face of the plug and through
the second one or more apertures in the wall separating
the first compartment and the middle compartment.

20. The method of claim 16, further comprising;

removing a further module from the first compartment of
the module cage, so that the first compartment 1s
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unoccupied, wherein the further ventilating the middle
compartment and the heatsink comprises increasing

ventilation of the middle compartment and the heatsink

as compared to when the further module occupied the
first compartment of the module cage. 5

G e x Gx ex
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